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The serial and parallel ports through which 
your computer sends and receives data 
have evolved considerably since the early 
days of the IBM PC. Essentially, their 
roles remain unchanged. Parallel ports, 
which are easy to implement, continue to 
be the choice for high-speed data transfer 
over short distances. Serial ports, while 
more complex, provide communication 
over longer distances, especially when 
combined with an attached modem. New 
to many of today's serial and parallel 
ports, however, are such sophisticated 
features as embedded RAM queues and 
built-in direct memory access (DMA). 

To put these developments in their 
proper context, I'll begin by reviewing 
basic serial communications concepts before 
turning to their specific implementations 
- today's PCs in the next issue. Then, in 
future Lab Notes, I'll discuss parallel- 
port developments. 

GENERIC SERIAL COMMUNICATIONS 

In its simplest form, data is transferred 
from sender to receiver one bit at a time 
through a single line or circuit. You can 
send any sequence of bits simply by setting 
the line to a specified voltage for a speci- 
fied length of time for each successive 
bit. The port at the receiving end samples 
the voltage on the line at the predeter- 
mined intervals in order to read the bits. 
In theory, all that is needed is agreement 
between sender and receiver on the trans- 
mission rate and on the voltages that will 
represent the ON and OFF states of each 
bit. In practice, the challenge facing se- 
rial communications is that of maintain- 
ing coordination between the bits being 
sent and those being read. 

To see how problems can arise, let's 
consider a hypothetical example in which 
two serial ports are connected, either directly 
or through a pair of modems. We'll as- 
sume that it had been agreed that the 
transmitting computer will send data to 

i receiving computer at the rate of one 
„.i per second. For a bit, the sender will 
set the line at the lower of two defined 
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Here are the basic 
concepts you need to 
know about implementing 
serial communications. 



voltages for a period of 1 second. If the 
next bit is a 1 , the sender will then raise 
the voltage on the line to the higher speci- 
fied level for the next second. 

The receiver in this example reads the 
bits by checking the voltage on the data 
line at successive intervals of 1 second. 
Suppose, however, that the receiver's clock 
happens to run slightly faster than the 
clock in the transmitting computer. In this 
case, the receiver will start checking the 
line earlier and earlier during the period 
when the data bit is on the line. Sooner or 
later, the receiver will sample the same 
bit twice, and thereafter the data received 
will be out of sync with the data sent. 

One way to solve the synchronization 
problem is to tell the receiving computer 
precisely when it should sample the data 
line. This can be accomplished by means 
of a second line, called a clock line. After 
placing the data bit on the serial data line, 
the transmitting computer sends the re- 
ceiving computer a signal on the clock 
line saying, in effect, "Read the data bit 
now." Since the transmitting clock dic- 
tates both the send and read rates, no 
synchronization problem can arise. 

The method of providing a clock sig- 
nal on one line while the data is on an- 
other line is called synchronous serial 



communication, and this aspect of the 
setup used is diagramed in Figure 1. 
Synchronous communication has a num- 
ber of advantages. First, the data trans- 
mission itself is highly efficient, since 
every bit on the data line can represent a 
bit of data. Second, since the clock signal 
originates with the device transmitting 
the data, the transmission speed can be 
changed simply by adjusting the rate of 
the clock line and data line at the same 
time. The big disadvantage of synchro- 
nous serial communication, of course, is 
that it requires the extra clock line, dou- 
bling the number of lines needed to trans- 
mit the data. 

An alternative way to synchronize serial 
ports is to encode clocking information 
into the format of the data being transmit- 
ted. This method, used for most PC-based 
serial equipment connections, is called 
asynchronous serial communication. Under 
this arrangement, the transmitter and re- 
ceiver are set to the same nominal speed, 
and no extra clock line is provided. Trans- 
mission errors that would inevitably arise 
over the long term because of slight dif- 
ferences in nominal speed are precluded 
by having the receiver use the clocking 
information to synchronize itself to the 
transmitter each time the group of bits 
that constitutes a data word is read. 

The encoded clocking information 
consists of a start bit and a stop bit. When 
the asynchronous serial link is not pass- 
ing data, the data line is held in a known 
state, usually that of a logical 1 . Having 
no data to send, the transmitter simply 
marks time by sending marking bits. To 
notify the receiving device that a data 
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If you have the following script called TESTPARM: 

N Parm 1 is %1"M 
N Parm 2 is %2"M 
N Parm 3 is %3'M 

Here is a sample execution: 

script name: TESTPARM Alpha Beta Gamma 

Parm 1 is Alpha 
Parm 2 is Beta 
Parm 3 is Gamma 



COMPLETE LISTING 



Figure 5: This short script demonstrates how command line parameters are specified. Much 
like a batch file's parameters, they are referenced as %1, %2, and so on. 



cols attempt to abort the transfer grace- 
fully before returning to the dumb termi- 
nal or script. 

Remember, while using BACKDOWN 
to download a file, you may return to 
your foreground program at any time except 
when you are answering a question that 
BACKDOWN has displayed for you to 
answer. You return to the foreground pro- 
gram by pressing Alt-X. 

One final note on downloads: If you 
initiated the download from the dumb 
terminal (as opposed to a script) and you 
have exited BACKDOWN and returned 
to the foreground, BACKDOWN will auto- 
matically pop up when the download is 
complete. 

ADDITIONAL FUNCTIONS 

There are three other function keys that 
perform important tasks. The first is the 
F4 key, which causes BACKDOWN to 
send a single 0.5-second break signal. 
The string «BREAK» on-screen tells 
you that the signal has been sent. The 
need for and use of the break function 
varies from service to service, but when- 
ever you need it, you've got it. 

When you want to disconnect from a 
service, pressing the F3 key momentarily 
drops the voltage of the Data Terminal 
Ready (DTR) signal to the modem and 
displays the string «HANGUP». If your 
modem is configured to honor DTR, it 
should disconnect immediately. 

If your modem is not configured that 
way, you may have to type something 
like +++ATH and hit Enter. The +++ 
usually causes a Hayes modem to return 
to the command state; the ATH com- 
mand teJJs the modem to hang up. 

Generally, you should log out of a 
remote service before disconnecting with 



F3. Logging out is the best way to be sure 
that the service knows you have com- 
pleted your session. This can avoid any- 
thing from a minor annoyance to addi- 
tional charges for connect time. In many 
cases, the remote service breaks the con- 
nection automatically as the result of a 
logout command. 

Finally, the F10 key allows you to 
enter the name of a BACKDOWN script 
to be executed. Scripts free you from 
regularly retyping commands that per- 
form everyday tasks, such as dialing a 
number, logging you into a service, or 
retrieving files. A sample script for log- 
ging onto ZiffNet is shown in Figure 4, 
but it must be compiled before BACK- 
DOWN can run it. After pressing F10 
you can enter not only the script name but 
also up to nine blank delimited operands 
after that name. Figure 5 provides an ex- 
ample of how such parameters are used, 
but for a full discussion of BACKDOWN'S 
script language and procedures, you should 
turn to the sidebar ' 'Creating and Using 
a BACKDOWN Script." 

There are several things that BACK- 
DOWN does not do. For instance, it has 
no upload capability. Nor does it provide 
any terminal emulation beyond a basic 
teletype-style interface. Furthermore, its 
script language is more limited than we 
would like it to be. 

Even with the absence of these fea- 
tures, however, we hope you are among 
the many PC Magazine readers who will 
not only use BACKDOWN but will wonder 
how they ever got along without it. ■ 

Bob Flanders is president and senior systems 
analyst and Mictiael Holmes is vice president 
and senior systems analyst at NCI Systems 
in Annandale, Virginia. 



She's 5 years old 
She's already had 

7 names, 
16 identities and 

21 homes. 




Every year thousands of children 
are kidnapped by their own par- 
ents. Beginning the tragic ordeal 
of life on the run. Child Find 
offers an end to the running. 
With our toll-free number and 
our mediation program, we offer 
a way out for the parents and for 
the kids. 

For us, it's a labor of love. But 
unfortunately, we can't operate 
on love alone. 

To find out how you can 
help, or if you need our help, 
please call 1-800-A-WAY-OUT. 
And help another child find a 
more peaceful future. 
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Figure 1 : In synchronous serial communication, a clock signal is on one line while the data 
is on another line. While this is highly efficient, it does require two lines. 



word is about to be sent, the transmitter 
sends a start bit, whose state is opposite 
to that of the marking bits. The data word, 
usually 7 or 8 bits, is sent immediately 
after the start bit. 

The receiver detects the change from 
the stream of marking bits to the start bit 
and synchronizes its checking of the data 
line with the start bit. The data word is 
then read. At the end of the data word, a 
stop bit is appended to the data. The stop 
bit has the same state as the marking bits; 
that is, its state is opposite that of the start 
bit. If the transmitter has another data 
word to send, it sends another start bit 
^fter the stop bit, thus indicating the begin- 
ning of the next word. Figure 2 shows an 
async serial data stream. The important 
point to note is that the receiver synchro- 
nizes with the transmitter each time a 
start bit is received. Even if the clock in 
the receiver is faster or slower than the 
transmitter, as long as the difference is 
not significant over the length of time it 
takes to send one data word, the differ- 
ence in speed doesn't matter. 

ADDING MODEMS 

Although a direct cable connection be- 
tween two computers' serial ports or be- 
tween a computer and a serially driven 
printer is not unusual, most serial com- 
munications take place through a pair of 
modems, which can be connected di- 
rectly to telephone lines. Instead of rep- 
resenting Os and Is by simple voltages, a 
modem converts them into modulations 
of an audio frequency at the sending end. 
These waveforms are demodulated and 
reconverted to digital form by the receiv- 
ing modem. By using sophisticated 
modulation techniques, modems can send 
multiple bit patterns with each change in 
he line state. Such techniques make 
.ngh-speed modems possible, but because 
of them a certain amount of confusion 



in the terminology has arisen. 

The transmission speed of serial links 
can be expressed in terms of either baud 
rate or bits per second. While often care- 
lessly spoken of as if they were the same, 
these two measurements are quite differ- 
ent. Bits per second is exactly that: the 
number of bits transmitted every second. 
Baud rate, on the other hand, is a mea- 
sure of the number of changes in the state 
of the line per second. In a purely digital 
link, in which the data line state can di- 
rectly represent only a 1 or a 0, the two 
rates are the same, for only one bit is 
transmitted with each change in the line. 
Because modems transmit data by means 
of tones that can each represent more 
than one bit of data, however, the baud 
rate of a modem can be much lower than 
the transmission speed measured in bits 
per second. 

Adding modems to the serial commu- 
nications system increases the complex- 
ity of the necessary interface wiring and 
introduces the need to detect and rectify 
transmission errors introduced by weak 
or noisy lines. One commonly used form 
of error checking is implemented in the 
data format by adding a parity bit after 
the data bits but before the stop bit. 

Parity checking involves counting the 



total number of 1 bits in each data word 
and its parity bit. When even parity is 
used, the parity bit is set to 1 or to make 
the total an even number. For example, if 
the data word sent was 00111010, the 
parity bit would be set to for even'parity, 
as there are four 1 bits in the data word. 
For an odd system parity, the bit is set to 
make the total odd. The receiving serial 
port also counts the 1 bits in each incom- 
ing data word plus its parity bit. If the 
number does not match the parity mode, 
then there was an error in transmission 
and at least one of the received bits is 
wrong. Note, however, that simple parity 
checking is by no means foolproof: If an 
even number of bits are changed during 
transmission, the error will not be de- 
tected. 

Another use for the parity bit is sticky 
parity. The term is something of a misno- 
mer, for in this mode the parity bit is not 
used for parity checking at all. Rather, it 
is always set to a known state, either or 
1 . When sticky parity is used, the receiver 
will always see a known bit at the same 
point in each data word. 

The basic disadvantage of asynchro- 
nous communication is that extra bits are 
added for each data word sent by the 
transmitter. Adding one start and one stop 
bit means that ten bits must be sent for 
every eight bits of data, reducing the ef- 
fective data rate by 20 percent. The rate 
is reduced still further if a parity bit is 
added to the data word. Since most common 
serial transmission modes use about ten 
bits per byte, you can roughly translate 
bps to bytes per second (at maximum ef- 
ficiency) by just dropping a zero. 

THE RS-232 SPECIFICATION 

The Recommended Standard 232 takes 
the general concepts of serial communi- 
cations and fleshes them out with the 
necessary specifics. The standard defines 




AN ASYNCHRONOUS SERIAL DATA STREAM 



Resynchronization occurs here 




Stop 
bit 



Start bit 



Data word 



Figure 2: This is an alternative to synchronous communication. An async link encodes the 
clocking information into the format of the data being transmitted. Note that the receiver 
synchronizes with the transmitter each time a start bit is received, on the edge between the 
marking bits and the start bit. 
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anu ut-t Dits, wmcn pins on wnat kinds 
of connectors are to be used to join serial 
equipment together, and precisely how 
the transmitting and receiving units will 
recognize each other as ready to handle 
data, to name a few examples. 

RS-232 was originally adopted by the 
Electronics Industry Association (EIA) 
in 1960 to codify the procedures by which 
terminals would communicate with mo- 



dems. The standard has evolved over the 
years, with the third revision, RS-232C, 
being set forth in 1969. Serial ports on the 
PC are designed to the RS-232C specifi- 
cation. In 1987 the standard was again 
revised to RS-232D, also known as EIA- 
232D. The changes made in the D revi- 
sion extend the specification to define 
three additional test lines and the shape 
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Not connected 
Transmit data 
Receive data 
Request to send 
Clear to send 
Data set ready 
Signal ground 
Data carrier detect 
Not connected 
Not connected 
Not connected 
Reserved 
Not connected 
Not connected 
Not connected 
Not connected 
Not connected 
Not connected 
Not connected 
Data terminal ready 
Not connected 
Ring indicate 
Not connected 
Not connected 
Not connected 



Input/output 



N/A 

Output 

Input 

Output 

Input 

Input 

N/A 

Input 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Output 

N/A 

Input 

N/A 

N/A 

N/A 




Data carrier detect 

Transmit 

Receive 

Data terminal ready 
Signal ground 
Data set ready 
Request to send 
Clear to send 
Ring indicate 



iput output 



Input 

Output 

Input 

Output 

N/A 

Input 

Output 

Input 

Input 



Figure 3: This diagram shows the proper pin assignments for both the 25-pin and 9-pin 

serial port connectors. 



nector recommended by RS-232D emu- 
lates the standard 25 -pin connector used 
by PCs. 

According to RS-232, the terminal (or 
these days the computer) is known as the 
data terminal equipment (DTE), and the 
modem connected to it is known as the 
data communication equipment (DCE). 
The standard specifies higher electrical 
levels to represent logical Os and Is than 
the 0- to 5-volt TTL levels used inside 
PCs. This ensures that the bits can be read 
at the end of the maximum cable length 
(which is also specified by the standard) 
between the DTE and DCE. Note that 
since RS-232 defines only two states, 
and 1 , the baud rate of a serial port is 
conveniently the same as the bits per second 
transmitted. 

Because the cables between the serial 
port on the computer and the modem are 
relatively short, it is practical to use physically 
separate wires ("lines") in an RS-232 
cable to handle control signals that must 
be encoded for modem-to-modem trans- 
mission over a telephone line wire pair. 
RS-232 specifies all the connections needed 
between the DTE and DCE to implement 
both synchronous and asynchronous 
communication. Since the serial ports op 
most PCs are strictly asynchronous, IT 
discuss only those lines needed for asyn- 
chronous communication. 

The asynchronous portion of the RS- 
232 spec requires two lines for data trans- 
mission, six lines to pass control infor- 
mation, and a signal ground. These nine 
lines, with their conventional abbrevia- 
tions, are: 

■ transmitted data (BA); 

■ received data (BB); 

■ request to send (RTS); 

■ clear to send (CTS); 

■ data set ready (DSR); 

■ data terminal ready (DTR); 

■ ring indicator (RI); 

■ data carrier detect (DCD): 

■ signal ground (AB). 

The signal ground provides a refer- 
ence point for the levels of the other signals. 
Figure 3 shows the proper pin assign- 
ments for both 25-pin and 9-pin serial- 
port connectors. 

Initiating a conversation between the 
computer (or terminal) and the modem is 
a process that consists of sending signals 
across the various control lines until both 
the modem and the computer are satisfied 
that each is ready to communicate. This 
handshaking, as it is called, ensures that 
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mission starts. 

Specifically, when the computer (the 
TE) wishes to initialize the link to the 
modem (the DCE), it sends the lower of 
the two predetermined voltages on its DTR 
line, indicating that it is able to start a 
conversation. The modem responds by 
sending the lower of the two voltages 
across its DSR line, indicating that it is 
able to receive. Usually, these lines are 
set to a lower voltage when the computer 
and modem are turned on. 

When both units signal "ready," the 
computer sends the lower of the two 
predetermined voltages on its Request to 
Send (RTS) line. In the old days, the 
sending modem would then blindly place 
a carrier signal on the phone line. When 
it detected the carrier signal, the receiv- 
ing modem would put the higher of the 
two predetermined voltages on its DCD 
and CTS lines. 

Today, with intelligent modems such 
as the Hayes Smartmodem, a conversa- 
tion can take place between the computer 
and modem. In this case, the DCD line is 
not raised with the CTS line. It is raised 
only after the modem has dialed a num- 



ber and detected the proper carrier tone 
from the receiving modem. The last control 
line is a ring indicator line, which notifies 
the computer when another modem is 
calling its modem. Once all this hand- 
shaking has been completed, the data can 
be transmitted from the sending computer 
to its modem, then through the phone 
lines, and finally from the receiving modem 
to its computer. 

One often confusing point about the 
RS-232 specification arises from the criti- 
cal distinction it draws between the DTE 
(computer) and the DCE (modem). RS- 
232 specifies that lines are connected to 
the same pin number at each end of the 
cable. That is, pin 2 on the DTE connec- 
tor is connected to pin 2 of the DCE 
connector, DTE pin 3 runs to DCE pin 3, 
and so on. Pin 2 is designated as the 
Transmit Data Line. Pin 3 is designated 
as the Receive Data Line. The designa- 
tions transmit and receive are always re- 
ferred to from the perspective of the DTE 
(the PC). The computer transmits data to 
the modem on the transmit line, pin 2, 
and receives data on the receive data line, 



must therefore transmit data on pin 3, the 
receive data line, and receive data on the 
transmit data line, pin 2. 

If a serial connection is to be made 
between two computers configured as DTEs, 
a null modem must be used to ensure that 
both devices are transmitting and receiv- 
ing on the proper lines. A null modem — an 
adapter or a cable — swaps the appropri- 
ate lines between the two computers to 
allow data transmission as well as the 
proper handshaking. 

INSIDE THE PC 

The PC BIOS itself provides a serial-port 
interface, using interrupt 14h. The BIOS 
functions allow setting the baud rate and 
the configuration of the data word. The 
status of the serial port can also be read, 
and data can also be sent and received. 
Unfortunately, the limited support pro- 
vided in the BIOS has forced program- 
mers to bypass its services and write di- 
rectly to the serial-port hardware or UART, 
which I will discuss next time. ■ 

Douglas Boling is a contributing editor 
to PC Magazine. 
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It's Automatic 
and Easy 

SmartPrint makes 
it easy for several 
computers to share 
the same printer 
automatically. Simply plug 
your computers and 
printer into SmartPrint. 
Then send work to the 
printer exactly as before. 

Printer Busy? 
No Problem! 

If the printer is busy, 
SmartPrint's software 
saves your print data on 
your hard disk and sends 
the data when the printer 
is available. 

It's all automatic. You 
continue your work as 
usual. And compared to 
printer sharing devices that 
use expensive yet limited 
RAM buffers, SmartPrint is 
half the cost. 

All SmartPrint products are made in the USA and carry a full three year warranty. 
SmartPrint is distributed to dealers through Ingram Micro and can be found or ordered 
at most computer stores. Call for the store nearest you. 



Safe for 
All Systems 

SmartPrint uses 
Hewlett-Packard 
approved electronic 
switching. Our advanc 
ed circuitry even enables 
you to use long cables 
(up to 50' parallel, 
1000' serial). 

Call 

1^800-368-7737 & 

We'll answer any 
questions and FAX or 
mail you complete 
information immediately. 
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Creating a 
Computer Drum 
Machine, Part 1 



A strong, regular drumbeat is the crucial 
rhythmic foundation of much of Ameri- 
can popular music. Under the influence 
of African-American culture, jazz, rhythm 
and blues, and rock 'n' roll have all been 
built around the driving pulse of percus- 
sion. 

Drummers are often highly regarded 
for their rhythmic accuracy and preci- 
sion, and it is not uncomplimentary to 
say that a drummer "plays like a ma- 
chine." Although electronic drum ma- 
chines can't capture the improvised vari- 
ations that make good drumming so 
enjoyable, a drum machine can still be a 
reasonable compromise. Standalone elec- 
tronic drum machines have been around 
for years, and now even inexpensive small 
synthesizers often include several built- 
in percussion patterns, letting you switch 
from tango to rock to bossa nova riffs 
with the push of a button. 

While you may associate these inces- 
sant, repetitive rhythms with tacky lounge 
singers or the worst of house music, real 
drum machines can be much more versa- 
tile. They let you customize your rhythms 
with a variety of percussion instruments, 
and can be very useful for experimenta- 
tion when composing or arranging mu- 
sic, even if you switch to real drummers 
for performances or recording sessions. 
As an accompaniment to a solo guitar, 
piano, saxophone, or whatever, drum 
machines can be a lot of fun. 

DRUM MACHINES AND SEQUENCING 

A drum machine is a sequencer, but a 
special case. Back in the old days (two 
decades ago), sequencers were stand- 
alone devices that could store a sequence 
of musical notes and play them back, 
very often repeated in a cyclic pattern. 
Several forward-looking rock bands used 
sequencers during that period, including 
Pink Floyd, The Who, and Tangerine 
Dream. During the mid and late 1970s, 
sequencers became quite common in disco 
and some varieties of New Wave rock. 
Standalone sequencers are still used 



■ The MIDI drum machine 
program presented here 
lets you interactively 
program a sequence of 
percussion sounds for 
automated playback at a 
selectable tempo and 
volume. 



in performance settings, although for studio 
or home recording they've largely been 
replaced with computers. Because of the 
increased storage capacity of a computer, 
sequencing software can handle entire 
multi-instrument compositions rather than 
just basic repeated patterns of notes. 

Drum machines are somewhat simpler 
than full-fledged sequencers, though. 
Compositions played by sequencing soft- 
ware involve (at the very least) three 
parameters: pitch, time, and the instru- 
ment voice. Because each of the various 
percussion instruments played by drum 
machines has a single pitch (or no defin- 
able musical pitch at all), drum machines 
can be limited to two parameters: the per- 
cussion instrument and time. 

In this column and the next two, I'll 
describe a computer drum machine pro- 
gram called DRUM that I wrote for Win- 
dows with Multimedia Extensions. This 
program lets you construct a sequence of 
up to 32 notes using 47 different percus- 
sion sounds. The program plays the se- 
quence repetitively at a selectable tempo 
and volume. For accurate timing, DRUM 



requires a dynamic link library called 
DRUMDLL, which I'll describe in the 
next column.' The final column will dis- 
cuss a second module used in the pro- 
gram that has code to store percussion 
patterns on-disk. 

THE MIDI CHANNELS 

As I've discussed in previous columns, a 
multimedia PC requires an internal syr 
thesizer based on the industry-standai 
Musical Instrument Digital Interface (MIDI). 
A multimedia PC also has at least one 
MIDI Out port for connecting an external 
MIDI synthesizer, and a MIDI In port for 
connecting an external MIDI controller 
(such as a keyboard). 

Multimedia Windows includes support 
for MIDI through function calls begin- 
ning with the prefixes midiOut and midiln, 
and through the Media Control Interface 
(MCI). As we've seen, the primary pur- 
pose of the midiOut functions is to send 
2-, 3-, and 4-byte MIDI messages to a 
synthesizer to play musical notes. Most 
MIDI messages include a 4-bit code that 
identifies a MIDI channel. Generally, a 
Program Change message is sent to a 
synthesizer to select an instrument voice 
for a particular channel. Then, Note On 
and Note Off messages for that channel 
play particular pitches using that instru- 
ment voice. These messages include key 
numbers to identify the note, where key 
number 60 is middle C. The use of 16 
channels allows (in theory) 16 different 
instrument sounds to play simultaneously. 

One channel, however, is usually rr 
served as a nonmelodic percussion chai. 
nel. In this case, Note On messages do 
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Putting Serial-Port 
Technology in 
Perspective, Part 2 



In the previous issue we reviewed the 
basic concepts of serial communications. 
This time, we'll discuss their specific im- 
plementations in today's PCs. 

To provide for the full needs of a serial 
port, including the associated control lines 
for RS-232 communication, requires the 
services of a chip called a Universal 
Asynchronous Receiver/Transmitter 
(UART). The processor controls the UART 
by writing to its registers. The National 
Semiconductor INS-8250 UART was used 
in the original PC, and its register set has 
become the de facto standard for all serial 
ports on PC compatibles. 

The stalling address for the UART I/O 
ports will vary with the COM port being 
used. The original PC and PC-XT speci- 
fied two serial ports, the first starting at 
D address 3F8h and the second port at 
I/O address 2F8h. The IBM PS/2 Hard- 
ware Technical Reference specifies eight 
possible serial ports with corresponding 
register locations. The PC BIOS keeps a 
list of the base addresses for the first four 
serial ports in the BIOS data area, starting 
at address 40:0h. 

Sending data out through the serial 
port is a simple matter of writing the data 
bytes to the UART's Transmit Data reg- 
ister. Data the UART receives is made 
available to the processor in the Receive 
Data register. The CPU can poll the UART 
to determine when to read or write data to 
it, or, for maximum efficiency, the UART 
can be programmed to interrupt the CPU 
when data needs to be written or read. 

The register set for the 8250 family of 
UARTs is shown in Figure 1 . There have 
been three major revisions of this register 
set, all backward-compatible with earlier 
versions. The different shadings in the 
figure indicate which registers are included 
in each version. The figure also shows 
the functions of the individual bits in each 
of the registers, as well as their offset 

m the base address of the UART. 

."he Transmit Data and Receive Data 
registers arc the first members in the 8250 
set. If the processor writes a value to the 



■ While the PC BIOS 
provides a serial-port 
interface, its services are 
limited. Hence, 
programmers have 
taken to writing directly 
to the UART. Here, we 
take an in-depth look at 
this chip. 



Transmit Data register, the 8250 will 
immediately copy the data into an inter- 
nal register and shift it out the transmit 
line of the serial port. The Receive Data 
register returns the last data to be received 
on the Receive Data line of the serial port. 
Note that if the Receive Data register is 
not read before the next byte has been 
received, the byte currently in the Re- 
ceive Data register will be lost. The 8250 
detects this condition and sets the overrun 
bit in the Line Status register. 

The 8250 can be programmed to inter- 
rupt the processor when data needs to be 
read from the Receive Data register or 
written to the Transmit Data register. The 
Interrupt Enable register determines the 
conditions under which the UART will 
interrupt the processor. Specifically, the 
chip can be programmed to interrupt when 
it needs data, when the modem-status lines 
change, or when an error condition is 
detected. The modem-status interrupts occur 
whenever the Data Set Ready (DSR), Clear 
to Send (CTS), Data Carrier Detect (DCD), 
or Ring Indicator (RI) line has changed. 



The error conditions detected are framing 
errors, parity errors, overrun errors, and 
break detection. When the processor reads 
the Interrupt Identification register, the 
reason for an interrupt can be determined. 

The primary control register for the 
8250 is the Line Control register. The bits 
in the Line Control register control, among 
other things, the size of the data word, the 
number of stop bits, and the parity con- 
figuration. The data word size can be 
configured from five to eight bits, and 
one or two stop bits can be selected. Odd, 
even, or stick parity can also be set. 

Bit 7 of the Line Control register con- 
trols access to the Baud Rate Divisor registers. 
When this bit is 1, the I/O address that 
normally accesses the Transmit Data and 
Receive Data registers and the Interrupt 
Enable register accesses the Baud Rate 
Divisor register instead. 

The Baud Rate Divisor register is a 
16-bit counter that determines the speed 
at which the 8250 transmits and receives 
data. To set the baud rate on a PC. the 
8250 is driven by a 1.8432-MHz clock. 
With each clock cycle the Divisor regis- 
ter is decremented by one count. When 
the Divisor register reaches 0, the counter 
is reset and one bit of data is transmitted 
to or received from the UART. 

Different baud rates can be set by placing 
different values in the Divisor register. A 
value of 96 (60h) in the register causes 
the 8250 to operate at 1.200 baud, for 
example. Putting a value of 12 in the 
Divisor register will result in a baud rate 
of 9,600. While the original PC only 
supported baud rates up to 9,600, the baud 
rate can be set to a maximum of 1 1 5,200 
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by using a divisor of 1 . Note that the baud 
rate and bps rate are the same in a purely 
digital circuit such as that of the UART. 

The Modem Control register allows 
the processor to set the RS-232 control 
lines that link the computer and modem. 
Bits 1 and control the state of the modem's 
Request to Send (RTS) and Data Termi- 
nal Ready (DTR) lines. Bit 4 of this register 
loops the output of the transmitter back 
into the receiver, allowing the CPU to 
test most of the UART circuitry. Two 
general-purpose lines, Out 1 and Out 2, 
are provided. Out 1 is not used for PC 
serial ports, but Out 2 provides an addi- 
tional control over the serial interrupt. 
The Out 2 bit must be set if the UART is 
to interrupt the processor, regardless of 
the state of the Interrupt Control register. 

The Line Status register lets the pro- 
cessor read the state of the UART. When 
in a polling mode, the processor reads 
this register to determine when to read or 
write a byte of data from or to the UART. 
Any error conditions in the UART are 
also indicated in the Line Status register. 

The Modem Status register can be read 
to determine the state of the DCD, RI, 
DSR. or CTS line. The register also contains 
bits that are set when the state of any of 
those lines changes. This allows the processor 
to determine whether any of the lines has 
changed state since the last time the register 
was read. 

UART UPGRADES 

The first upgrade on the 8250 was the 
16450 UART, used in the PC AT. The 
1 6450 provides a faster interface between 
the UART and the processor, but its only 
functional difference from the 8250 was 
the addition of a scratch register where 
the processor could store a byte of data. 
The PC Convertible, IBM's first laptop 
computer, used an 8250A, which is func- 
tionally identical to the 1 6450. 

With the release of the PS/2 models in 
1987 came the 16550 UART. Here the 
story gets a little muddy. The original 
PS/2 Models 50, 60, and 80 used an early 
version of the 16550 with a bug that dis- 
abled its main feature: a set of FIFO (first 
in, first out) queues that would have 
dramatically improved serial performance. 

The 16550 was replaced by the 16550A 
in the PS/2 Model 70. This fixed the bug 
in the FIFO section of the chip; improved 
versions of the Models 60 and 80 also use 
the 1 6550A. But the only way to deter- 
mine if the 1 6550s in the PS/2 can use the 
FIFO queues is to test the serial chip. To 
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6 Modem 
status 


DCD 


Rl 


DSR 


CTS DCD 


Rl 


DSR 


CTS 



7 Scratch 



Set DTR line 

Set RTS line 

Out 1 (not used) 

Out 2 (interrupt enable) 

Loop 



No register 

Data in receive buffer 
Overflow error 
Parity error 
Framing error 
Break interrupt 

Transmitter holding register empty 
Transmitter shift register empty 
Error in receive FIFO 



CTS changed 
DSR changed 
Rl changed 
DCD changed 
State of CTS line 
State of DSR line 
State of Rl line 
State of DCD line 



Figure 1: There have been three major revisions of this register set. Dark blue indicates the 
changes that resulted from the first upgrade, the 16450 and 8250A chips. Light blue shows 
the revisions that accompanied the 16550. Pink shows the changes introduced with the IBM 
Type 3 serial port. Addresses and 1 are also used for the Baud Divisor Latch Register. 



confuse matters further, while improved 
versions of the PS/2 Model 50 incorpo- 
rate the 16550A, IBM does not support 
using the FIFO queues on the Model 50! 
The FIFO queues of the 16550A rep- 
flt a significant development for se- 
rial communications. Faster serial port and 
modem speeds mean that the CPU must 



spend more and more of its attention 
servicing the U ART. For example, while 
the processor must read the UART every 
6 milliseconds for a serial port at 1,200 
baud, it must read the UART every 83 
microseconds at 9,600 baud. This increased 
load is compounded by multitasking 
operating systems such as Enhanced-mode 



Windows and OS/2. In a multitasking 
operating system, the computer may be 
too busy to service the serial port. 

This is where the FIFO queues come 
in. The queues consist of small buffers 
that hold up to 16 bytes of data. After 
filling the transmit FIFO queue with 16 
bytes of data, the processor will not bother 
with the serial port again until all 16 bytes 
have been transmitted. The receive FIFO 
queue works the same way. When the 
16550 A UART needs service, the pro- 
cessor can read the last 16 bytes of data 
received. By using the FIFO queues, a 
16550A UART running at 9,600 baud 
needs only the same service time as a 
16450 UART running at 600 baud. 

One additional register and several control 
bits have been added to the Interrupt Enable 
and Interrupt ID registers in the 16550A. 
The additional register is the write-only 
FIFO Control register. This register en- 
ables the transmit and receive FIFO queues, 
clears the queue contents, and sets the 
interrupt trigger level of the queues. 

The 16550A can be set to interrupt the 
processor when the receive FIFO queue 
holds 1, 4, 8, or 16 bytes of data. Al- 
though the processor is interrupted when 
the appropriate level is reached, the UART 
continues to store its data in the FIFO 
queue. This allows the operating system 
enough time to complete its current task 
before having to service the UART. 

The Interrupt ID register in the 16550A 
UART has been expanded to encompass 
interrupts from the FIFO queues. Bits 6 
and 7 indicate whether the UART is in 
FIFO mode. Bit 3 indicates that the inter- 
rupt was caused by a character time-out 
condition in the receive FIFO queue. This 
interrupt allows the processor to read the 
last few words in a serial transmission 
when there are not enough data words 
received to trigger a FIFO full interrupt. 

Using the FIFO queues in a serial 
communications program is really quite 
simple. Once initialized in FIFO mode, 
the UART will wait until the FIFO queue 
is full before interrupting the processor 
for service. The interrupt routine repeat- 
edly reads the Receive register until the 
queue is empty. On the transmit side, a 
communications program writes enough 
words to the UART to fill the transmit 
FIFO queue. The UART will then not 
need data to transmit until the transmit 
FIFO queue has been exhausted. 

To determine whether the UART in a 
computer contains usable FIFO queues, a 
program only needs to set some bits in 
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The assembly language routine, SERTYPE, 
in Figure 2 determines if the FIFO queues 
are available. 

The routine in Figure 2 first sets bit 
of the FIFO Control register and then 
reads the Interrupt Identification register. 
If bits 6 and 7 are both 0, the UART is a 
16550 and the FIFO queues should not be 
used. If the bits are both I, the UART is 
a 16550 A and the queues can be used. 

If the 16550A is detected, the PC 
identification bytes are checked to see if 
the computer is a PS/2 Model 50. If it is 
a Model 50, the routine indicates that the 
FIFO queues are not found, since this PC 
does not support FIFO mode. The routine 
then goes on to check for the presence of 
an enhanced DMA serial port. The new 
DMA serial port is the latest and most 
exciting development in PC serial ports. 

DMA SERIAL PORTS 

The improvements provided by FIFO queues 
can be significantly augmented by add- 
ing DMA support to the serial port. DMA 
support does more that just dump serial 
data into a buffer; it can scan the incom- 
ing data for special characters, and it can 



even provide its own flow control. On the 
IBM side, the new PS/2 Models 90, 95, 
and 57 incorporate the enhanced DMA 
serial ports, and other manufacturers ei- 
ther have done so or will. 

The enhanced serial port also breaks 
one of the historic PC barriers by allow- 
ing the use of a faster baud clock. By 
setting a bit in one of the enhanced reg- 
isters, the standard 1.8432-MHz clock can 
be switched to 1 1.0592 MHz. This raises 
the theoretical serial rate to 691,200 bits 
per second. As with earlier serial ports, 
the IBM models do not support the high- 
est possible speed, but they set their limit 
at 345,600 bps, which is still very fast. 

One of the difficulties of providing 
DMA support for a serial port is the need 
to scan for control characters among the 
received data. Normally, this process uses 
the CPU to compare a received data byte 
with a set of known control characters. 
With the DMA feature active, however, 
the processor may not read the received 
data until the DMA buffer is filled. 

To avoid any wait for processor ser- 
vice, the enhanced serial port has com- 



for up to three special control characters. 
When such a character is found, the U AR 
can be programmed to start or stop trans- 
mitting automatically, to delete the char- 
acter, to interrupt the processor, or any 
combination of these events. 

The new DMA serial port (a Type 3 
serial port, in IBM lingo) is backward- 
compatible with the earlier 8250 family 
of UARTs. While all previous registers 
are present, an entirely new set of regis- 
ters has been added to control the en- 
hanced features. The new registers are 
accessed by adding 8000h to the base 
address of the start of the conventional 
UART register set. For example, if a serial 
port normally starts at I/O address 3F8h, 
the enhanced register set will start at 83F8h. 
Figure 3 shows the new registers used by 
the Type 3 serial port. Their description 
will serve as something of a program- 
mers' reference. 

The first of the enhanced registers, the 
Command register, controls the trans- 
mission of data in DMA mode. Data send- 
ing can be stopped and restarted, and 
any error conditions can be reset using 
bits 1 and of the register. All of the 



SERTYPE ROUTINE 



PARTIAL LISTIN 



SERTYPE - A routine to determine the type of UART used in 
serial port. 

Entry: DX - Starting I/O address of the serial port 
Exit: AX - Type of serial port 

0- 8250 

1- 16450, 16550, or 8250A 

2- 16550AF with FIFO queues 

3- IBM Type 3 serial port with DMA 



sertype 



proc 


near 






push 


bx 






push 


cx 






mov 


bx,dx 




;Save starting I/O addr 


add 


dx,4 




; Point to modem ctl reg 


in 


al,dx 




; Disable interrupts 


push 


ax 






and 


al, 11111011b 


; Disable serial interrupt by 


out 


dx,al 




; clearing Out 2 bit. 


mov 


ch,0 




; Assume type 


mov 


dx,bx 






add 


dx,7 




;See if scratch reg exists 


mov 


al,55h 






cli 








out 


dx,al 
$+2 




; Write to scratch reg 


jmp 






in 


al,dx 




;Read back 


crop 


al, 55h 






jne 


sertype_ 


.1 




mov 


al , Oaah 






out 


dx, al 




;Write to scratch reg 


jmp 


$+2 






in 


al,dx 




;Read back 


sti 








cmp 


al , Oaah 






jne 


sertype 


.1 




inc 


ch 




;Assume type 1 


mov 


dx,bx 






add 


dx,2 




; Point to FIFO ctl reg 


mov 


al,7 




,-Attempt to enable FIFOs 


cli 








out 


dx,al 

$+2 






jmp 






in 


al,dx 




;Read interrupt ID reg 


sti 








and 


al , OcOh 




;Strip all but FIFO bits 


jz 


sertype 


.1 


;If bits 0, 16450 or 16550 



sertype_l: 



sertype 
code 



inc 


ch 


mov 


dx, bx 


add 


dx, 8003h 


cli 




in 


al ,dx 


push 


ax 


or 


al, 01000000b 


out 


dx, al 


push 


dx 


mov 


dx , bx 


add 


dx, 2 


in 


al, dx 


mov 


cl,al 


pop 


dx 


pop 


ax 


out 


dx,al 


sti 




and 


cl , OcOh 


cmp 


cl,40h 


jne 


sertype 1 


inc 


ch 


pop 


ax 


mov 


dx,bx 


add 


dx,4 


out 


dx,al 


xor 


ax, ax 


mov 


al , ch 


mov 


dx,bx 


pop 


cx 


pop 


bx 


ret 




endp 




ends 




end 


begin 



,-Assume type 2 

; Point to enhanced reg l 

; Enable DMA transmit mode 



; Restore Enhanced reg 1 

;Again mask all but FIFO ID 
;Must be type 3 



; Point to modem ctl reg 
.•Restore initial condition 



Figure 2: This short routine can be used in a program to test whether your PC's UART supports FIFO queues. 
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other bits in this register are reserved. 

The Interrupt ID register identifies all 
terrupts that can occur in both conven- 
tional and enhanced modes. In enhanced 
DMA mode, new sources of interrupts 
include Terminal counts on the transmit 
or receive DMA controllers or a compare 
register match on the received data. 

Enhanced Function Register 1 con- 
trols the enabling of the DMA modes of 
the UART. This register also enables 



PROGRAMMING 
LAB NOTES 



interrupts for the serial port, including 
DMA terminal count notification. Bit 5 
of this register forces the UART to store 
a byte of status information with every 
byte of received data. By enabling this 
mode, you can half the number of data 
bytes that can be kept in the FIFO and 
DMA buffers, but it allows the proces- 
sor to check the status of each data byte 



when it reads the DMA buffer. 

Enhanced Function Register 2 con- 
trols the baud clock and enables hard- 
ware flow control. Bit 7 paces the trans- 
mit rate, using the Receive Count regis- 
ter. Bits 5 and 4 cut the transmit and 
receive rate of the UART by a factor of 
16, slowing the UART so that slower 
processors can keep up with the serial 
port. Bit 6 of this register determines whether 
the 1.8432- or 1 1 .0592-MHz baud clock 




Offset 
address 
from first enhanced 
registered I/O address 



Command 
register ^_ 



Write only 

5 4 3 2 



1 




— 



CMD 
Bits 




Read only 

6 5 4 3 



2 Interrupt ID 




Read/write 





7 


6 


5 


4 


3 


2 


1 





3 Function 1 


DR 


DT 


RS 


TCR 


TCT 


SE 


TE 


RC 



D 



Reserved; always written as 0. 



Command bits 
00— Reserved 
01 —Start sending 

10— Stop sending 

11— Reset error 



Interrupt pending 



00000 Modem status 

00001 Transmit data 

00010 Receive data 

0001 1 Line status 

001 10 Receive time out 

10000 Receive DMA terminal count 

10001 Transmit DMA terminal count 

10010 Receive CHAR count 

1001 1 Transmit REGS empty 

1 1000 Match compare CHAR 

11001 Match compare CHAR 1 
11010 Match compare CHAR 3 



-Enable receive CHAR count interrupt 
-Enable transmitter empty interrupt 
-Stop transmission on receive error 
-Enable transmit terminal count interrupt 
-Enable receive terminal count interrupt 
-Store status with received data 
-Enable DMA transmit mode 
-Enable DMA receive mode 



Figure 3: The DMA serial port, or Type 3, is backward-compatible with tho earlier 8250 family of UARTs. This illustration shows the new 
registers used to control the enhanced features, such as flow control and a faster baud clock. 
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IBM'S TYPE 3 EXPANDED REGISTER SET (CONTINUED) 



Read/write 

6 5 4 3 2 1 



Function 2 




R T T T 
R | DSR DCD DSR CTS 



Read/write 

4 3 2 



Function 3 




Read/write 

4 3 2 



CHAR compare 



CHAR function 



7 CHAR count 



-Control transmitter via CTS line 
.Control transmitter via DSR line 
-Control transmitter via DCD line 
-Control receiver via DSR line 
-Slow receive by a factor of 1 6 
. Slow transmit by a factor of 1 6 
-Use high-baud clock 
-Byte pacing 



Select function register 

1 Select character register 

. 

CHAR compare selection 

00 -CCR 1 

01 —CCR 2 




10 -CCR 3 





Hi 



When compare selected: 
8-bit characters to check 



When compare function selected: 
Interrupt when match found 
Delete CHAR when match found 
Stop transmitter when match found 
Start transmitter when match found 



8-bit count of received characters 



is used. Finally, the lower four bits of this 
register determine the hardware flow control 
of the serial port. When these bits are set, 
the UART will stop and start transmitting 
and receiving in accordance with the DSR, 
DCD, and CTS status lines. 

Enhanced Function Register 3 con- 
trols access to the character compare registers. 
Bits 2 and 1 select which of the character 
compare registers is accessed. Bit se- 
lects the character compare register or its 
accompanying character function regis- 
ter. The character compare register is the 
actual 8-bit byte to check. The character 
compare function register selects which 
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event should occur when a matching 
character is found. 

After setting the Enhanced Function 
Register 3 to access the proper character 
compare register, that register can be read 
and written at that character compare reg- 
ister address. If a character compare func- 
tion register is selected, only bits 3-0 are 
used. More than one event can be pro- 
grammed for each character match by 
enabling multiple events in a Character 
Compare Function register. 

The final register in the enhanced register 
set is the Receive Character Count regis- 
ter. This register has two functions. The 



first is to keep a tally of the bytes re- 
ceived by the UART. The other is to act 
as a pacing register for transmitting data. 
When in the pacing mode, the UART 
slows transmission of data by dividing 
the baud clock by 256 times the value in 
this register. 

The FIFO queues and DMA interface 
that enhance the performance of serial 
communications have their counterparts 
in the world of parallel ports, which will 
be the subject of a future Lab Notes. ™« 

Douglas Baling is a contributing editor 
to PC Magazine. 



